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(57) ABSTRACT 

A cathode ray tube having an evacuated envelope including 
a panel section having a front face portion including a sloped 
sidewall; the sloped sidewall and an outer periphery portion 
being joined at mold match line; a neck containing therein 
an electron gun assembly; and a funnel section integrally 
coupling the panel section and the neck together. The sloped 
sidewall of the front faceplate has an angle Which is in a 
range of 1.5 to 3 degrees to the tube axis; and a reinforcing 
band attached by a thermal shrink ?t technique to and 
clamped around the outer periphery of the panel section. The 
reinforcing band is positioned around the panel section at a 
prede?ned position in Which a circumferential bending line 
on the reinforcing band is offset from the mold match line of 
the cathode ray tube toWard the neck. 

11 Claims, 12 Drawing Sheets 
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FIG. 6’ 
PRIOR ART 
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FIG. 10 
PRIOR ART 
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CATHODE RAY TUBE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a continuation of US. application Ser. No. 09/292, 
608, ?led Apr. 15, 1999, now US. Pat. No. 6,150,760, the 
subject matter of Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to electron tube 
architectures and, more particularly, to cathode ray tubes 
having an evacuated envelope With a display WindoW panel 
and a reinforcing member attached by thermal shrink-?t 
methods to the outer periphery thereof. 

In recent years, cathode ray tubes (CRTs) have been 
Widely employed as color image display devices in a variety 
of types of industrial and/or home-use electronic equipment. 
While other types of display devices, including liquid crystal 
display (LCD) panels and plasma displays have been devel 
oped to date, CRTs still offer enhanced picture image. 
displayabilities With good resolution. For this very reason, 
CRTs are adaptable for use as color display devices 
including, but not limited to, television (TV) receiver sets 
and monitor units for digital information processing 
equipment, such as Workstations and personal computers 
(PCs). 

One typical prior knoWn CRT is constituted from an 
evacuated envelope Which consists essentially of a display 
panel, a cone-shaped section knoWn as a “funnel”, and a 
neck. The panel includes a front faceplate having an inner 
surface on Which a phosphor screen is formed. In the neck 
there is provided an electron gun assembly for generating 
one or more electron beams, Which extend in one plane 
toWard the phosphor screen. The panel and neck are coupled 
together by the funnel. 

The funnel has a de?ection device mounted thereon. On 
the Way to the phosphor screen, the electron beams emitted 
from the gun are de?ected across the phosphor screen by 
means of the de?ection device. 

The electron gun embedded in the CRT neck is designed 
to include several electrodes, such as a “cathode”, a control 
electrode, a focus electrode, and an accelerating electrode. 
After being emitted by the cathode electrode, each beam of 
electrons arrives at the control electrode, Which is responsive 
to an electrical signal supplied thereto for modulating the 
electron beam. The modulated beam then travels through the 
focus electrode and acceleration electrode. When penetrat 
ing these electrodes, the beam is given an electromagnetic 
force so as to be reshaped into a prespeci?ed cross-section. 
Upon impinging on the phosphor screen, the beam forms a 
spot thereon. The electron beam, on its Way to the phosphor 
screen, is de?ected in the horiZontal and vertical directions 
by means of the de?ection device for formation of any 
desired picture images on the screen. 

FIG. 8 schematically depicts in cross-section a typical 
structure of one prior knoWn CRT of the in-line beam type. 
As shoWn herein, the CRT includes a front display panel 1 
and a neck 3 Which are coupled together by a funnel 2. The 
panel 1 has a reinforcing metal band 4 around its outer 
periphery clamped. This band 4 is a generally rectangularly 
looped strip for use as an implosion protector, and is also 
knoWn as an “anti-implosion” band in some cases. Aphos 
phor screen 8 is situated on the inside surface of the panel 
1. The screen 8 has a large number of phosphor elements 
luminescing in red, green and blue colors for constitution of 
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2 
an image display screen. AshadoW mask 9 acting as a color 
selection electrode is disposed in front of the inner surface 
of the display screen 8. The funnel 2 contains therein an 
inner shield 10 for blocking or shielding any externally 
attendant magnetic ?elds. Funnel 2 has a “shoulder” on 
Which de?ection yokes 11 are externally mounted for hori 
Zontal and vertical de?ection of electron beams traveling 
inside of the CRT. An electron gun 12 is disposed in the neck 
3 for emission of three separate electron beams B extending 
in one lateral plane, in the in-line con?guration. The electron 
gun 12 is operatively associated With a magnetic device 13 
for producing color purity correction and beam centering 
amendment. Additionally, panel 1 is bonded to funnel 2 at a 
joint or “junction” F providing a sealed environment Within 
the CRT envelope. 

In the CRT of FIG. 8, the panel 1 and funnel 2 plus neck 
3 make up an evacuated envelope. Electron beams B emitted 
from the electron gun 12 are electromagnetically de?ected in 
tWo directions—the horiZontal and vertical directions—in 
the presence of de?ection magnetic ?elds generated by 
de?ection yokes 11 to thereby tWo-dimensionally scan over 
the phosphor display screen 8 for visualiZation of picture 
images thereon. 

To preclude accidental implosion of the CRT, Which has 
an internal vacuum, the tube is typically provided With a 
reinforcing metal band 4 that is mounted around the outer 
periphery of the panel 1 for implosion protection. In the CRT 
shoWn in FIG. 8, due to its inherent irregularity in shape, the 
external pressures applied thereto are complicated. It is not 
simply determinable hoW great a degree of external pressure 
acts on Which part of the evacuated envelope. FIG. 9 
presents a result of analysis indicating a typical distribution 
pattern of external force components applied to the CRT 
envelope. As seen from this diagram, the force acting 
inWardly of the CRT is maximal in strength at or near the 
“shoulder” of the envelope betWeen the funnel 2 and neck 3, 
While the force acting outWardly of the CRT is maximal at 
the outer periphery of the panel 1. Generally, the implosion 
protective band 4 is clamped around the panel 1 at a location 
at Which the outWard pressure is applied, thereby protecting 
the CRT from implosion. 
As shoWn in FIG. 10, the “anti-implosion” band 4 is 

designed to have a generally rectangular “closed-loop” 
shape With four rounded corners When seen from the side of 
the panel 1 after attachment to the CRT envelope. At the 
band corners, projected mount plates 14, called “lugs”, are 
provided for suspension and rigid engagement of the CRT 
With the cabinet of a computer monitor or TV set. 

In FIG. 11, there is shoWn an enlarged partial sectional 
vieW of a prior art CRT at one corner of the display panel 1. 
An anti-implosion metal band 41 is clamped around panel 1, 
With a glass cloth tape 5 sandWiched therebetWeen. Dotted 
line 6 is used to designate a mold match line of panel 1. 

Typically the panel 1 consists of a front faceplate, With a 
slightly “domed” display WindoW having a phosphor screen, 
and a generally rectangular frame or “periphery” 1P having 
opposite edges, one of Which is bonded to the funnel’s rim 
at joint F of FIG. 8 and the other of Which is integrally 
molded along the mold match line G to the faceplate. The 
mold match line 6 is observable as a “seam” line on the outer 
periphery of panel 1, at a location at Which the curved screen 
is abutted at an angle to the panel frame. The mold match 
section is a portion at Which the outer periphery is maximal 
in the total loop length of panel 1. 

Traditionally, the reinforcing band for implosion protec 
tion is a generally rectangularly looped ?at strip Which is 
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rigidly secured to the CRT With the entire strip Width being 
used for clamping. In particular, the band tightly clamps the 
CRT at or near the mold match portion With maximal 
compressive strength. The band more tightly clamps the 
CRT at a certain part extending from the mold match line up 
toWard the screen, as compared to a region spanning from 
the mold match line to the panel periphery. To accomplish 
this, the band is made of a ?at strip having a folded-back 
portion, or alternatively a thickness-increased portion, at its 
one edge on the side extending toWard the screen. These 
portions Will be collectively referred to herein as a “curled 
edge” or more simply as a “?ip”. The ?ip is laid out on the 
outer rounded surface of the screen, Whereas a single-plate 
portion (thickness-reduced portion) of the strip is disposed 
on the outside Walls of the panel frame. The band is bent at 
the single-plate (thin strip) portion so as to have a “V”-like 
bent portion 71, Which is aligned With the mold match line 
6, as shoWn in FIG. 11, to ?t the curved outer shape of the 
panel 1. This permits the band to be in close contact With the 
curved panel surfaces. 

In the past, the anti-implosion band has been clamped by 
“thermal shrink-?t” insertion methods. More speci?cally, 
the band is heated up prior to attachment to the CRT 
envelope so that the band thermally expands radially. The 
heated band is placed around the CRT panel and is then 
cooled doWn. The band thus shrinks to tightly clamp the 
outer periphery of CRT in a direction at right angles to its 
Walls. In FIG. 11, arroW 41a designates the strength of the 
clamping force at a single-plate portion of the band, While 
arroW 41b indicates the clamping force at the ?ip 41 thereof. 
As the clamping force 41b on the curved surfaces of the 

screen is not perpendicular to the panel glass surface and the 
reinforcing band, this force is vectorially divided into a force 
component 41c normal thereto and a parallel force compo 
nent 41d, as shoWn in FIG. 11. If the CRT envelope With the 
band attached thereto in this state is subject to thermal 
processing, then the band can badly behave to move or slip 
toWard the panel front face due to a difference in thermal 
expansion coef?cient betWeen the band 4 and panel 1 in 
response to the parallel clamping force 41d. 

One exemplary slipped band state after thermal process 
ing is shoWn in FIG. 12. As shoWn herein, the metal band is 
moved so that its bent portion 71 is displaced from the mold 
match line 6 toWard the panel front face (upWardly in the 
draWing). Such slipping of the band causes the band 4 to 
?oat at its “free” edge on the side of the CRT neck, resulting 
in a decrease in the strength of the panel-clamping force of 
the metal band. 

Further, as the slipping of the band increases through 
successive heatup processes, the lugs 14 of FIG. 10, Which 
are provided at the corners of band 4 for use in mounting the 
CRT in a monitor or TV cabinet, vary in position accord 
ingly. This lug position variation can result in creation of gap 
spaces betWeen the CRT and the cabinet. This in turn leads 
to a de?ciency or lack of rigid engagement betWeen them. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an improved electron tube structure Which is capable of 
avoiding the problems inherent in the prior art. 

It is another object of this invention to provide an 
improved cathode ray tube (CRT) With a reinforcing band 
Which is capable of retaining increased clamping forces even 
in those environments With increased temperature changes. 

It is still another object of the present invention to provide 
a CRT With an implosion-protective band Which is capable 
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4 
of retaining a maximiZed clamping ability even Where 
temperature differences are signi?cant betWeen a display 
panel and the band, or alternatively even after having been 
subjected to thermal processing. 

It is a further object of the present invention to provide a 
CRT With an implosion-protective band Which is capable of 
constantly offering a maximiZed panel clamping ability 
regardless of being subjected to CRT heatup processes, 
While at the same time increasing the manufacturability 
thereof at loW costs. 

To attain the foregoing objects, the instant invention 
provides a speci?c CRT Which includes a vacuum-evacuated 
envelope. The envelope in turn includes a front display panel 
having an inside surface on Which a phosphor screen is 
formed, and a neck that is coupled by a cone-shaped funnel 
section to the panel and contains therein an electron gun 
assembly. A reinforcing member in the form of an 
implosion-protective band is attached by thermal shrink-?t 
techniques to the outer periphery of the panel to clamp it for 
eliminating or at least greatly suppressing any accidental 
CRT implosion. The implosion-protective band, also knoWn 
as an “anti-implosion” band, may preferably be a generally 
rectangular closed-loop strip made of metallic materials. 
The strip is bent along its circumference thus de?ning a 
partially tapered band Wall, Which may resemble in shape a 
generally rectangular open-roof dome-like fence. 
Importantly, the band is pre-displaced on the panel so that 
the bent portion is offset in position from the panel’s mold 
match line toWard the neck of the CRT. 

Preferably, the offset amount of the band’s bent portion 
from the mold match line falls Within a range of from 2 to 
6 millimeters 

The band also has a folded-back or “curled” edge portion 
providing a front ?ip, Which has its turned-back end on the 
single-plate strip as placed at a selected position that is offset 
toWard the CRT neck from the mold match line. 

With such an arrangement, the CRT may retain the 
intended panel clamping force suf?ciently to let the band 
tightly clamp the panel even after having been subjected to 
thermal processing. 

These and other objects, features and advantages of the 
invention Will be apparent from the folloWing more particu 
lar description of preferred embodiments of the invention, as 
illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shoWing a side vieW of a CRT in 
accordance With one preferred embodiment of the present 
invention. 

FIG. 2 is an enlarged partial sectional vieW of a display 
panel of the CRT shoWn in FIG. 1. 

FIG. 3 is a graph shoWing a distance of movement of a 
reinforcing band attached to the CRT panel along With that 
in the prior art for comparison. 

FIGS. 4 to 7 are diagrams each depicting an enlarged 
partial sectional vieW of a CRT embodying the invention. 

FIG. 8 is a diagram Which illustrates a typical CRT in 
cross-section. 

FIG. 9 is a pictorial representation of a distribution pattern 
of forces applied to an evacuated envelope of the CRT. 

FIG. 10 is a diagram Which depicts one typical reinforcing 
band to be clamped around a CRT display panel. 

FIG. 11 is an enlarged partial sectional vieW of a portion 
of a CRT envelope With the prior art band attached thereto. 
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FIG. 12 is an enlarged partial sectional vieW of a portion 
of a CRT showing the prior art band after completion of 
thermal processing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to FIG. 1, there is shoWn a color cathode 
ray tube (CRT) in accordance With one preferred embodi 
ment of the invention. As shoWn, the CRT has a vacuum 
evacuated envelope Which includes a front display panel 1, 
a cone-shaped section 2, called a funnel, and a neck 3. The 
panel 1 has a phosphor screen formed on its inside surface, 
Which screen is coated With a large number of phosphor 
elements luminescing in red, green, and blue colors. The 
neck 3 contains therein an electron gun assembly for gen 
eration of three separate electron beams Which extend in one 
plane, representing the “in-line” plane con?guration. The 
panel 1 and neck 3 are coupled together by the funnel 2. The 
panel 1 is integrally abutted and bonded With funnel 2 at a 
junction F, Which de?nes a plane at right angles to the tube 
axis Z of the CRT. 

A reinforcing band-like member 4 is tightly attached to 
the CRT envelope to rigidly clamp the outer periphery of 
panel 1 for protection of the CRT from accidental implosion. 
This implosion-protective or “anti-implosion” band 4 is 
illustratively a generally rectangular closed-loop strip made 
of metal. The anti-implosion band 4 is clamped around panel 
1 as shoWn in FIG. 1 in a plane at right angles to the tube 
axis Z. 

FIG. 2 depicts an enlarged partly sectional vieW of the 
display panel 1 in the CRT envelope shoWn in FIG. 1 With 
the anti-implosion metal band 4 clamped thereon. Like parts 
or components are designated by like reference characters 
used in FIG. 11. 
As shoWn in FIG. 2, the anti-implosion metal band 4 is 

attached to the side Walls of the panel 1 With a spacer 5 
sandWiched therebetWeen. The spacer 5 may be a glass cloth 
tape. The metal band 4 may illustratively consist of an 
approximately rectangularly looped strip Which is bent 
inWardly—namely toWard panel 11—at a portion 7 into a 
“V”-shaped or angle bracket (“<”)-like cross-section along 
its circumference, thus partly resembling in shape an open 
roof dome. The strip has opposite side edges, one of Which 
is folded back or “curled” providing a “?ip” on the bent 
Walls. The metal band 4 is laid out at a carefully selected 
position to locate the bent portion 7 so as to be pre-displaced 
or offset by a prede?ned distance—say, pre-offset amount 
L—from the mold match line 6 the of panel 1 toWard the 
CRT neck 3 (doWnWard in the draWing). 

The metal band 4 for CRT implosion protection is 
attached to the display panel 1 as folloWs. First prepare a 
looped strip to form the metal band 4. This band has a total 
loop length, along its inner Wall surfaces, Which is slightly 
smaller than the overall outer peripheral length around the 
panel as measured along the mold match line 6. In other 
Words, the inner diagonal dimension of band 4 is less, by a 
little bit, than the outer diagonal siZe of panel 1. Then, the 
band 4 is heated to alloW it to thermally expand so that the 
heated band can readily be put around the panel 1. 
Thereafter, upon cooling doWn, the band 4 shrinks to tightly 
clamp the sideWalls of panel 1 With an increased clamping 
force strength due to such cool-doWn shrinkage. 

During clamp-mounting of the anti-implosion metal band 
4, if the band’s loop siZe along its inner faces relative to the 
outer panel siZe is too small then excessively increased 
heatup temperatures Will be required; conversely, if the band 
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siZe is too large, then it Will no longer be possible to achieve 
the intended clamping force suf?cient to provide a tight 
clamping of the CRT envelope structure for implosion 
protection. The “inherent” loop siZe of band 4 at room 
temperature prior to attachment to the CRT envelope is 
variable depending upon the metallic materials used there 
for. Typically, the band 4 is made from iron With an 
electroplated layer coated thereon for corrosion protection. 

In cases Where the panel 1 comes With an antistatic ?lm 
and/or nonglare ?lm formed on a front face thereof, CRTs 
With the anti-implosion metal band clamped thereon are 
expected to experience thermal processing at high 
temperatures, such as 130° or more, in the manufacture 
thereof. Prior to such heatup processes the metal band is 
offset to position its bent portion 7 so as to be pre-displaced 
toWard the CRT neck 3 from the mold match line 6 of panel 
1. And, after the heatup process, the resulting CRTs are 
handled such that the metal band clamping the panel 1 is 
kept offset from mold match line 6 toWard neck 3. 

The glass-cloth tape spacer 5 inserted betWeen the panel 
1 and band 4 is provided for use in protecting panel glass 
surfaces from physical damage or “scars” otherWise occur 
ring due to unWanted contact by the metal band 4 thereWith. 
The tape 5 may alternatively be made from any other 
suitable “cushion” materials so long as they offer scratch 
protection as required. Additionally, tape 5 is resilient or 
elastic in nature and is hardly devoted to panel clamping for 
implosion elimination. 

Very importantly, as shoWn in FIG. 2, the bent portion 7 
of anti-implosion metal band 4 is placed at a selected 
position Which is offset from the mold match line 6 toWard 
the electron gun in the CRT neck 3. Also note that the 
single-plate portion of metal band 4 is bent to have the angle 
bracket (<)-like cross-section as shoWn in FIG. 2. The 
bending angle A of such band 4 is set at approximately 5 
degrees, more or less. Here, an angle B as de?ned betWeen 
the ?at sideWall of the panel 1 and the starting edge of its 
associative curved surface of the screen plate may typically 
fall Within a range of from 2 to 3 degrees. In other Words the 
band bend angle A is greater than the panel curvature angle 
B to make sure that band 4 acts to tightly clamp panel 1 With 
increased reliability and enhanced strength. 

It should be noted that the pre-offset amount L of the 
band’s bent portion 7 relative to the mold match line 6 is 
designed to be 2 millimeters or greater. This value 
setting is recommended because, if the offset value L Were 
less than 2 mm, then the bent portion 7 is more likely to slip 
during manufacture to become aligned With mold match line 
6, Which Would result in creation of the problems faced With 
the prior art, as described in the introductory part of this 
speci?cation. On the contrary, if the offset L Were less than 
2 mm then the resultant CRTs manufactured through thermal 
processing might suffer from an increase in the amount of 
slippage of the band 4 toWard the display panel front face 
side. 

Also, preferably, the band offset value L may be set to be 
less than 6 mm. This value makes it possible to achieve a 
strong clamping force as required, Without having to exces 
sively increase the along-the-tube-axis length (Width) of the 
band 4. If the offset LWere greater than 6 mm With the same 
band Width as the prior art, then the gap space Which occurs 
betWeen the panel 1 and the band 4 can increase in 
dimension, thereby narroWing the net clamping area of the 
band 4 facing the periphery of panel 1, Which results in a 
decrease in strength or “functionality” of the clamping 
forces applied to panel 1. On the other hand, if the offset L 
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is allowed to be greater than 6 mm, the clamping force 
reduction may be eliminated by Widening the band 4 if 
needed. Especially, letting the single-plate portion of the 
band 4 on the panel periphery be longer than the folded-back 
“front ?ip” of band 4 makes it possible to obtain a stronger 
clamp force-acting on the panel periphery side. 

In summary, designing the band offset L ranging from 2 
to 6 mm may ensure that an almost “ideal” clamping force 
is obtainable even Where the metal band 4 is decreased in 
Width along the CRT tube axis Z. The “band offset 2—6 mm 
setting” feature may also make it possible to achieve a 
successful implosion protection ability or protectability 
Without letting band 4 move or slip toWard the panel’s front 
face. 

It Would be readily appreciated by experts in the CRT art 
from FIG. 2 that although in this illustrative embodiment the 
bent portion 7 of the anti-implosion metal band 4 is pre 
offset from the mold match line 6 along the tube axis 
direction of the CRT permitting the presence of a gap space 
on the panel side of such bent portion 7, successful clamping 
is still obtainable by both the single-plate portion of the band 
4 on the panel 1 at the CRT neck side and its “curled” front 
?ip on the panel front face side, Which portions are of the 
“<”-like shape as stated above. In addition, a suf?cient, 
clamping force is achievable at the opposite side edges of 
band 4 thereby making it possible to eliminate undesired 
band slip or “migration” during thermal processing, Which 
in turn enables constant establishment of a stable envelope 
clamping ability as a Whole. Finally, more reliable and stable 
panel clamp forces are retainable on the opposite edges of 
the anti-implosion metal band 4 along the tube axis even 
While the CRT envelope undergoes heatup processes. 
As far as the single-plate portion of the anti-implosion 

metal band 4 is concerned, the panel clamp force might be 
equal to that of the prior art With, its bent portion 7 simply 
aligned the mold match line 6. 

It is also important in the CRT embodying the invention 
that, as better seen from FIG. 2, the front ?ip of the metal 
band 4 is long enough to let its turned-back distal end 
terminate at the bent portion 7 thereof. This makes it 
possible to provide enhanced clamping performance With 
respect to curved portions of the display screen of the panel 
1. 

It has been stated that, With reference to the illustrative 
embodiment of FIGS. 1—2, the anti-implosion metal band 4 
clamped around the panel 1 is speci?cally designed to have 
its single-plate portion disposed at the neck side part of panel 
1 and the front ?ip on the display screen side thereof, Which 
portions are both used to clamp panel 1 to thereby prevent 
band 4 from unWanted slip movement during CRT heatup 
processes, Which in turn enables achievement of enhanced 
implosion protectability. 

One typical experimental result is presented in FIG. 3. 
This graph indicates several measurements of slip distances 
along the CRT tube axis of bent portions 7 of those anti 
implosion metal bands Which are attached to CRT 
envelopes, Which are each offset by 3 mm from the mold 
match line 6 toWard the CRT neck side in accordance With 
the “band offset 2—6 mm setup” feature of the invention. The 
band slip distances of such CRTs embodying the invention 
are designated by curve m in FIG. 3. For comparison, band 
slip distances of prior art CRTs are shoWn by curve n in FIG. 
3, Which are such that each band’s bent portion 7 is simply 
aligned With mold match line 6. 

Note that for this experiment, ?fty ?ve CRT samples Were 
prepared, each employing the “band offset 2—6 mm setup” 

15 

25 

35 

45 

55 

65 

8 
feature of the invention. The same number of other CRT 
samples Were prepared for comparison, Which samples 
lacked the feature of the invention. As seen from FIG. 3, of 
the CRTs embodying the invention, ninety percent of them 
fall Within a limited band slip range of from Zero to —2 mm 
With the center of distribution staying at or near —0.1 mm, 
Where the minus (—) sign as used herein refers to “forWard” 
movements of the band toWard the panel front face, Whereas 
the plus sign (+) indicates “backward” band movements 
toWard the CRT neck side. This Well demonstrates that most 
CRTs of the present invention as shoWn by curve m remain 
free from the risk of band slip or “migration” otherWise 
occurring during thermal processing in the manufacture 
thereof. On the contrary, the comparative CRTs With the 
prior art metal band structure as shoWn by curve n exhibited 
longer band slip distances. In the Worst case, some of them 
suffered from a maximum band migration as large as —1.2 
mm. 

It is noted here that the pre-displacement of the anti 
implosion band 4 to position its bent portion 7 so as to be 
offset from the mold match line 6 of the panel 1 might cause 
certain mass-production inaccuracies. HoWever, such errors 
are as little as 1 mm or therearound. This means that it is 

possible to retain the bent portion 7 in position to reside at 
or at least near those positions as offset from the mold match 
line 6 toWard the CRT neck 3. 

Also note that While the clamped metal band 4 slightly 
moves after heatup processes, such movement is rather 
“negligible” in actual mass-production, With the band dis 
placement being Within a very limited range of from —0.5 
mm to +0.2 mm. Such limited band slippage causes no 
serious reduction of clamping force strength. The above 
experimentation suggests that the “<”-like bent anti 
implosion metal band 4 incorporating the principles of the 
present invention may retain increased or maximiZed panel 
clamping performance at all times at the neck-side edge of 
its single-plate part. This in turn enhances the manufacturing 
process, While increasing product manageability. 

Additionally, in the experimentation described above, the 
band offset value L and the band slip distance are each 
determined by measuring a distance betWeen the panel top 
face and the mold match line 6 along the tube axis Z, and 
measuring the along the tube axis distance betWeen such 
panel top face and the bent portion 7 of the band 4, and then 
obtaining through mathematical subtraction a difference 
betWeen the tWo. 

A further advantage of the CRT shoWn in FIGS. 1—2 
embodying the invention is that, as the metal band slip 
distance due to the heatup processes may be limited to a 
narroWed range, as discussed above, the lugs at the four 
corners of the anti-implosion metal band 4 may also be 
retained in position With limited movement. This in turn 
facilitates the mounting of the CRT in the cabinets of TV sets 
or computer monitors. 

Turning noW to FIG. 4, there is shoWn an enlarged partial 
sectional vieW of an implosion protection-enhanced CRT in 
accordance With another embodiment of the invention. This 
CRT comes With its anti-implosion metal band 4 clamped 
around a display panel 1, Which is similar to that shoWn in 
FIG. 2, except that the panel 1 is inWardly slanted or sloped 
on its outer sideWall at or near the mold match line 6. The 
panel 1 has a slant-cut display WindoW sideWall that is at an 
angle C relative to a reference line Z1 extending parallel to 
the CRT tube axis Z in FIG. 1. The panel periphery 1P is 
sloped at an angle D to reference line Z1, as shoWn in FIG. 
4. The angle C is typically designed to fall Within a range of 
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1.5 to 3 degrees With a tolerance of approximately 1.5 
degrees. The angle D is from 3 to 4.5 degrees With a 
tolerance of about 2 degrees. 

With such a slant panel sideWall structure, the anti 
implosion metal band 4 is clamped around panel 1 With a 
spacer 5 inserted therebetWeen. The metal band 4 is 
inWardly bent at an angle of about 5 degrees at its single 
plate portion to form a bent portion 7. This portion is offset 
in position from the mold match line 6 of the panel 1 toWard 
the CRT neck 3 in a manner similar to that in the previous 
embodiment depicted in FIG. 2. As in the previous 
embodiment, the offset amount L of band 4 is set ranging 
from 2 to 6 mm—here, 2 mm. Band 4 is folded back or 
“curled” at one end on the display front face side to form a 
“front ?ip” similar to that shoWn in FIG. 2. This front ?ip has 
a turned-back edge, Which is substantially aligned With the 
mold match line 6 of panel 1, as shoWn in FIG. 4, although 
the ?ip may be elongated letting the end extend to the bent 
portion 7 of band 4 as in the FIG. 2 embodiment. 

With such an arrangement, even Where the periphery IP 
has the angle D to the tube axis Z at or near the mold match 
line 6, the anti-implosion metal band 4 is employable to offer 
an increased panel clamping force for reinforcement of the 
CRT envelope, thereby further increasing the implosion 
protectability. Thus, similar effects and advantages as in the 
previous embodiment may be obtainable. 
A CRT also embodying the invention is shoWn in FIG. 5. 

This CRT is similar to that shoWn in FIG. 4 With the front 
?ip of the anti-implosion metal band 4 being elongated, 
causing its turned-back edge to go beyond the bent portion 
7 so as to reside at a position on the CRT neck side rather 

than the display WindoW side. Such an elongated ?ip results 
in a double-layered structure at the bent portion 7 of the 
metal band 4, increasing the thickness of the metal band 4. 
This enables band 4 to offer a further increased clamping 
force against the panel 1 in a Widened area, Which in turn 
makes it possible to further enhance the CRT in a implosion 
protectability. 

The CRT shoWn in FIG. 6 is similar to that of FIG. 4 With 
the bent anti-implosion metal band in FIG. 4 being replaced 
by a “?ip-less” metal band 4, Which consists of a single-plate 
strip bent at portion 7. Elimination of the front ?ip of metal 
band 4 reduces the complexity of the structure to thereby 
increase the manufacturability, While simultaneously render 
ing band 4 thermally expandable at loW temperatures With 
less heatup energy. In addition, the “single-plate” band 4 
offers clamp-force controllability through plate thickness 
varying procedures. 
A CRT shoWn in FIG. 7 is similar to that of FIG. 4 With 

lugs 14 (only one is visible) soldered to the anti-implosion 
metal band 4. These lugs 14 are CRT suspension elements 
for use in mounting the CRT in a cabinet (not shoWn). Each 
lug 14 is illustratively a ?at plate as bent providing a base 
and an extension 141. The lug base has its bottom surface 
142 rigidly secured via a solder portion W to the single-plate 
portion of the metal band 4. The extension 141 projects 
outWardly in a direction parallel to the mold match line 6 of 
the panel 1. Another lug (not visible in FIG. 7) on the 
opposite sideWall of panel 1 is similarly structured so that a 
substantially constant distance M is maintained betWeen the 
display WindoW’s front top face and those surfaces (upper 
surfaces in the draWing) of such lug extensions 141. 
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As shoWn in FIG. 7, the lug extension 141 is at a speci?c 

position midWay betWeen the mold match line 6 and the 
“offset” bent portion 7 of the ml metal band 4. The soldered 
portion W sandWiched betWeen the lug 14 and band 4 
overlies the sloped-at-angle-D, Which is on the CRT neck 3 
side rather than on the side of display WindoW. The bent 
portion 7 is betWeen the mold match line 6 and solder W. 
With such a “lug-integrated” metal band structure, it is no 
longer required that the lug surface 142 be adjusted in mount 
angle to be identical to the angle of the band bent portion 7 
at separate process steps in the manufacture of such a CRT. 
This makes it possible to reduce the complexity of manu 
facture of the lugs 14, While at the same time making the 
soldering of the lugs 14 to band 4 easier. 

It has been described that CRTs employing the anti 
implosion metal band incorporating the principles of the 
present invention are capable of eliminating, or at least 
greatly suppressing, any possible displacement of the metal 
band due to thermal processing to thereby enable successful 
retention of a suf?ciently signi?cant clamping force for CRT 
implosion protection. Another advantage of the invention 
lies in the fact that the CRT has less band slip, thus 
increasing the mass-productivity of such CRTs With rein 
forcing bands of any desired clamping force strengths, While 
increasing the yield and reducing costs. Especially, in vieW 
of the fact that large-screen CRTs require increased panel 
clamping forces, the invention is applicable to CRTs as large 
as 17 inches in vieWable image siZe or greater. 

Although the invention has been disclosed and illustrated 
With reference to particular embodiments, the principles 
involved are susceptible for use in numerous other embodi 
ments Which Will be apparent to persons skilled in the art. 
The invention is, therefore, to be limited only as indicated by 
the scope of the appended claims. 
What is claimed is: 
1. A cathode ray tube comprising: 
an evacuated envelope including a panel section having a 

front face portion including a sloped sideWall, said 
sloped sideWall and an outer periphery portion being 
joined at mold match line, a neck containing therein an 
electron gun assembly, and a funnel section integrally 
coupling said panel section and said neck together; 

said sloped sideWall of said front faceplate having an 
angle Which is in a range of 1.5 to 3 degrees to the tube 
axis; 

a thermal shrink ?tted reinforcing band clamped around 
the outer periphery of said panel section; 

said reinforcing band being positioned around said panel 
section at a prede?ned position in Which a circumfer 
ential bending line on said reinforcing band is offset 
from said mold match line of said cathode ray tube 
toWard said neck. 

2. The cathode ray tube according to claim 1, Wherein said 
reinforcing band is provided With lugs. 

3. The cathode ray tube according to claim 1, Wherein said 
circumferential bending line of said reinforcing band is 
offset from said mold match line by 2 to 6 millimeters 

4. The cathode ray tube according to claim 3, Wherein said 
reinforcing band comprises a looped strip having one edge 
folded back over said strip so as to face in the direction of 
said neck to form a ?ap With its turned-back edge residing 
at a predetermined position Which is offset from said mold 
match line toWard said neck. 
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5. The cathode ray tube according to claim 3, wherein said 
reinforcing band comprises a looped strip having one edge 
folded back over said strip so as to face in the direction of 

said neck thereby de?ning a ?ap With its turned-back edge 
residing at a predetermined position Which is offset from 
said bending line toWard said face plate. 

6. A cathode ray tube comprising: 

an evacuated envelope including a panel section having a 
front face portion including a sloped sideWall, said 
sloped sideWall and an outer periphery portion being 
joined at mold match line, a neck containing therein an 
electron gun assembly, and a funnel section integrally 
coupling said panel section and said neck together; 

said outer periphery portion having an angle Which is in 
a range of 3 to 4.5 degrees to the tube axis; and 

a thermal shrink ?tted reinforcing band clamped around 
the outer periphery of said panel section; 

said reinforcing band being positioned around said panel 
section at a prede?ned position in Which a circumfer 
ential bending line on said reinforcing band is offset 
from said mold match line of said cathode ray tube 
toWard said neck. 
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7. The cathode ray tube according to claim 6, Wherein said 

reinforcing band is provided With at least one lug. 
8. The cathode ray tube according to claim 6, Wherein a 

sloped sideWall of said front faceplate has an angle Which is 
in a range of 1.5 to 3 degrees to the tube aXis. 

9. The cathode ray tube according to claim 8, Wherein said 
circumferential bending line is offset from the mold match 
line by 2 to 6 millimeters 

10. The cathode ray tube according to claim 9, Wherein 
said reinforcing band comprises a looped strip having one 
edge folded back over said strip so as to face in the direction 
of said neck to form a ?ap With its turned-back edge residing 
at a predetermined position Which is offset from said mold 
match line toWard said neck. 

11. The cathode ray tube according to claim 9, Wherein 
said reinforcing band comprises a looped strip having one 
edge folded back over said strip so as to face in the direction 
of said neck thereby de?ning a ?ap With its turned-back edge 
residing at a predetermined position Which is offset from 
said bending line toWard said face plate. 

* * * * * 


